In greenhouse agroecosystems, a guild of spider mite predators may consist of the oligophagous predatory mite Phytoseiulus persimilis Athias-Henriot, the polyphagous predatory mite Neoseiulus californicus McGregor (both Acari: Phytoseiidae) and the primarily herbivorous but facultatively predatory western flower thrips Frankliniella occidentalis Pergande (Thysanoptera: Thripidae). Dietspecialization and the predator body size relative to prey are crucial factors in predation on F. occidentalis by P. persimilis and N. californicus. Here, it was tested whether the relevance of these factors changes during predator ontogeny. First, the predator (protonymphs and adult females of P. persimilis and N. californicus): prey (F. occidentalis first instars) body size ratios were measured. Second, the aggressiveness of P. persimilis and N. californicus towards F. occidentalis was assessed. Third, survival, development and oviposition of P. persimilis and N. californicus with F. occidentalis prey was determined. The body size ranking was P. persimilis females > N. californicus females > P. persimilis protonymphs > N. californicus protonymphs. Neoseiulus californicus females were the most aggressive predators, followed by highly aggressive N. californicus protonymphs and moderately aggressive P. persimilis protonymphs. Phytoseiulus persimilis females did not attack thrips. Frankliniella occidentalis larvae are an alternative prey for juvenile N. californicus and P. persimilis, enabling them to reach adulthood. Females of N. californicus but not P. persimilis sustained egg production with thrips prey. Within the guild studied here, N. californicus females are the most harmful predators for F. occidentalis larvae, followed by N. californicus and P. persimilis juveniles. Phytoseiulus persimilis females are harmless to F. occidentalis.
Introduction
Competition and predation influence individual behaviour, population dynamics and community structure (Begon et al., 1996) . The combination of both interactions is defined as intraguild predation, whereby competitors prey on each other (Polis et al., 1989) . Intraguild predation is linked with additional advantages for the intraguild predator apart from gaining nutrients for juvenile development and/or egg production. The killing of a guild member also reduces exploitation competition for limited food resources and may eliminate potential predators (Polis et al., 1989) . Recent studies revealed that the extraguild prey *Fax. + 43 1 47654 3359 E-mail: andreas.walzer@chello.at density (Lucas et al., 1998; Obrycki et al., 1998; Schausberger & Walzer, 2001) , habitat complexity (Roda et al., 2000; Norton et al., 2001; Finke & Denno, 2002) and life history traits of the guild members are of paramount importance to the nature and symmetry of intraguild predation in arthropod systems (Polis & McCormick, 1987; Rosenheim et al., 1993; Schausberger & Croft, 2000a; Schausberger & Walzer, 2001; Snyder & Ives, 2001 ). For example, the incidence of mortality caused by intraguild predation in size and/or age structured guilds should be negatively correlated with size, with smaller individuals being more vulnerable than larger ones (Sabelis, 1992) . Furthermore, diet-breadth of the guild members is considered to influence the frequency and direction of intraguild predation (Polis et al., 1989) . Diet-generalists subdue and consume a large proportion of encountered prey, whereas diet-specialists continue searching until they encounter the preferred prey (Begon et al., 1996) . Thus, the probability to attack guild members, i.e. the level of aggressiveness of an intraguild predator, should be higher in generalists than in specialists (Yasuda & Ohnuma, 1999; Schausberger & Croft, 2000b; Yasuda et al., 2001) . Within an arthropod guild, large dietgeneralists and small diet-specialists are expected to be the extreme points on a virtual line representing a continuum from harmful to harmless intraguild predators. Size and diet specialization may, however, change during ontogeny and, as a consequence, alter the hierarchy and ranking of the intraguild predators (Sih, 1982; Werner & Gilliam, 1984) .
The common and widespread herbivorous two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), may be used as a primary, alternative or supplementary food resource by several arthropod taxa, including members of the orders Acari, Araneae, Coleoptera, Thysanoptera, Heteroptera, Diptera, Neuroptera and Dermaptera (for review see Helle & Sabelis, 1985) . In agroecosystems, the guild of predators that prey on T. urticae often consists of the primarily herbivorous but facultatively predatory Frankliniella occidentalis Pergande (Thysanoptera: Thripidae), the highly specialized predator Phytoseiulus persimilis AthiasHenriot (Acari: Phytoseiidae), and the generalist predator Neoseiulus californicus McGregor (Acari: Phytoseiidae) (Garcia-Mari et al., 1991; Venzon et al., 2001 ). Due to their life styles these predators utilize spider mites in different manners. The diet-specialist P. persimilis is adapted to prey on spider mites of the genus Tetranychus that produce dense webbing. Phytoseiulus persimilis has a superior searching ability for patchily distributed spider mites and a higher intrinsic rate of increase (r m ) with tetranychid prey than other phytoseiids (McMurtry & Croft, 1997) . Movement in sticky strands of spider mite webs is facilitated by the protective function of long dorsal setae (Sabelis & Bakker, 1992) . Moreover, females of P. persimilis can assess the status of spider mite colonies and prefer growing prey patches over decreasing ones (S. Blackwood and P. Schausberger, personal communication) . In contrast, N. californicus possesses traits that are typical for a diet-generalist. The broad food range includes animals (mites, insects) and nonanimal food (pollen, fungi) (e.g. Swirski et al., 1970; Croft et al., 1998) . Neoseiulus californicus is an aggressive intraguild predator (Walzer & Schausberger, 1999ab; Schausberger & Croft, 2000b) . Furthermore, N. californicus displays less frequent interplant dispersal and has a lower r m -value with spider mite prey than the diet-specialist P. persimilis (Ma & Laing, 1973; Badii & McMurtry, 1984; McMurtry & Croft, 1997) . Frankliniella occidentalis is primary herbivorous but facultatively predatory. For example, when host plant quality is low F. occidentalis can switch to feeding on spider mite eggs (Agrawal & Klein, 2000) . Recently, predation on phytoseiid mite eggs, including P. persimilis eggs, was shown for F. occidentalis (Roda et al., 2000; Janssen et al., 2003) . Thus, the predatory mites P. persimilis and N. californicus and the western flower thrips F. occidentalis are potential competitors for spider mites and each predation event among them is defined as intraguild predation (Polis et al., 1989) .
Previous studies on intraguild predation and competition between P. persimilis and N. californicus indicated that the diet-generalist N. californicus is superior in intraguild predation to the diet-specialist P. persimilis but inferior in food competition with T. urticae prey Walzer & Schausberger, 1999ab; Schausberger & Walzer, 2001; Walzer et al., 2001 ). Several phytoseiid species are able to attack and kill larvae of F. occidentalis (Van Houten et al., 1995) , but their attack success is limited because of efficient antipredation behaviours of F. occidentalis (Teerling et al., 1993ab; Pallini et al., 1998; Venzon et al., 2000) . Due to body size gain, the success ratio in attacking thrips larvae should increase during the ontogeny of P. persimilis and N. californicus. Phytoseiulus persimilis is considerably larger than N. californicus and should, hence, have an advantage in intraguild predation on thrips. In contrast, the specialist P. persimilis is expected to feed less on a non-primary prey than the generalist N. californicus. This study aimed at determining the relevance of body size and diet specialization of P. persimilis and N. californicus in intraguild predation on larvae of F. occidentalis. First, the body size ratios predator:prey were compared. Second, the aggressiveness of juvenile and adult predatory mites against thrips larvae was measured. Third, predation, development, survival and oviposition of P. persimilis and N. californicus were assessed when preying on thrips larvae.
Materials and methods

Arthropod sources and rearing
Phytoseiulus persimilis was obtained from a commercial producer (Biohelp, Vienna); colonies were maintained on bean plants Phaseolus vulgaris L. (Fabaceae) infested with the two-spotted spider mite T. urticae. Neoseiulus californicus and F. occidentalis were collected from greenhouse-grown roses (Rosa sp.). Colonies of N. californicus were held on artificial arenas and fed T. urticae (Walzer & Schausberger, 1999a) . Frankliniella occidentalis was maintained on bean leaves and provided with Ricinus communis L. pollen. Detached bean leaves were put upside down on water saturated cotton in plastic boxes (25 ϫ 25 ϫ 5 cm). Even-aged cohorts of phytoseiid eggs or protonymphs were obtained by placing gravid females on detached bean leaves (P. persimilis) or on plastic tile arenas (N. californicus) (Walzer & Schausberger, 1999a) . After 24 h, newly laid eggs were collected and used for experiments or transferred to separate leaves/arenas. In the latter case protonymphs emerging after 2-3 days were used for experiments. For obtaining first instar F. occidentalis, gravid females were placed on bean leaves provided with R. communis pollen. After 24 h the females were removed and first instars emerged after 4-6 days. Rearing and experimental units were kept in a climate chamber at 25 ± 1°C, 65 ± 5% RH and 16:8 L:D photoperiod.
Body size ratios
For body size measurements, 20 protonymphs and 20 gravid females each of P. persimilis and N. californicus (predators) and 20 first instar F. occidentalis (prey) were randomly chosen from the rearing units. The specimens were placed in a drop of Hoyer's medium on a microscope slide. The slides were placed on a thermoplate (40-45°C) for 3 h and then stored for 24 h at room temperature. Phytoseiid mites capture their prey with the first pair of legs. Therefore, the body size relevant to intraguild predation was defined as the combination of the length of the first extended leg and the idiosoma. The distal ends of the vertically stretched first pair of legs were projected to the longitudinal axis between them. Body length was then measured from the distal ends of the first pair of legs to the caudal margin of the idiosoma. The body size of F. occidentalis was defined as the length from the distal end of the head to the caudal end of the abdomen. The mean predator:prey body size ratios were calculated by dividing the combined length of the first leg and the idiosoma of the predators by the body length of the prey. Data were analysed among combinations by one-way analysis of variance (ANOVA) and Bonferroni-tests.
Aggressiveness and attack success
Protonymphs (starved for 12 h) or gravid females (starved for 24 h) of N. californicus or P. persimilis were singly placed into the experimental cages and provided with a single first instar F. occidentalis. Each cage consisted of a cylindrical acrylic cell (15 mm diameter and 3 mm height) with a fine mesh screen at the bottom and closed on the upper side with a microscope slide (Schausberger, 1997) . Each cage was checked for encounters between predator and prey every 5 to 8 min over a period of 480 min. Each encounter at which the predator touched the prey with the pedipalps or the first legs, indicating that the predator tried to pierce the prey, was deemed an attack. Attacks resulting in death and consumption of the prey were deemed successful attacks. Random encounters characterized by running off in different directions of the predator and prey were excluded from analysis. Occurrence and time of the first attack and the successful attack of the predators, and cumulative survival (proportion of surviving prey) and survival time of the prey were recorded for each replicate. Each predator-prey combination was replicated 26 to 31 times. Aggressiveness was defined as the combination of the proportion of attacking predators and the time elapsed until an attack occurred. The attack success ratio was defined as the fraction of attacks that resulted in death of the prey and food intake by the predator. Aggressiveness of the predator and the survival curves (combination of cumulative survival and survival time) of the prey were analysed by the KaplanMeier procedure. Within the Kaplan-Meier procedure, aggressiveness (predator) and survival curves (prey) were compared among predator-prey combinations by using Breslow tests. The attack success ratio was analysed among predator-prey combinations by ANOVA and Bonferronitests.
Predation rates and nutritional benefits
For both predators, even-aged eggs were taken randomly from the rearing units and singly transferred to experimental cages (as described above). As soon as they reached the first obligatory feeding stage, i.e. the protonymph, they were provided with eight first instar F. occidentalis. Cages were checked twice daily for predation on F. occidentalis, and mortality and development of the predatory mites. Prey was renewed daily. For both predators, mortality and development were also assessed with their primary prey (mixed stages of T. urticae in surplus), which was replenished every day. The experiments were terminated when the predators reached adulthood or died. Each predator-prey combination was replicated 14 to 30 times.
Oviposition was assessed by placing single gravid females of P. persimilis or N. californicus, which were randomly chosen from rearing colonies and starved for 24 h, in the experimental cages and providing them with ten first instar F. occidentalis. Predation, oviposition and survival were recorded and prey was replenished every 24 h for 12 consecutive days. Eggs laid within the first 24 h were excluded from calculating oviposition rates in order to minimize the influence of the previous diet. For comparison, oviposition and survival of single P. persimilis and N. californicus females were also determined when provided with surplus of their primary prey, T. urticae. Each predator-prey combination was replicated 13 to 15 times.
Juvenile mortality, development and predation, and oviposition were compared among predator-prey combinations by ANOVA and Bonferroni-tests. Female predation rates were compared between the two predator species by using a t-test for independent samples. The survival curves of the female predators (combination of cumulative survival and survival time) were analysed by the Kaplan-Meier procedure. Within the Kaplan-Meier procedure the survival curves were compared among predator-prey combinations by using Breslow tests.
Results
Body size ratios
The predator:prey body size ratios differed significantly among predator-prey combinations (ANOVA: df 1,2 = 3, 76; F = 162.36; P < 0.001). The order of the body size ratios among the females and protonymphs of P. persimilis and N. californicus (predators) and the first instar F. occidentalis (prey) was the following: gravid P. persimilis females (ratio = 1.32 ± 0.04 SE; Bonferroni: P < 0.001); > gravid N. californicus females (ratio 0.94 ± 0.01 SE; Bonferroni: P < 0.005); > P. persimilis protonymphs (ratio = 0.82 ± 0.02 SE; Bonferroni: P < 0.001) > N. californicus protonymphs (ratio = 0.58 ± 0.01 SE; Bonferroni: P < 0.001).
Aggressiveness and attack success
Irrespective of the life stage, the diet-generalist N. californicus was more aggressive than the diet-specialist P. persimilis, which was reflected in earlier and more frequent attacks on thrips: 18 of 30 N. californicus protonymphs and 14 of 26 gravid N. californicus females tried to overwhelm the prey within 480 min. Phytoseiulus persimilis protonymphs (8 of 31 protonymphs attacked the prey) were more aggressive than gravid females of this species, which never attacked the prey (table 1) .
No predator launched more than a single attack. All thrips larvae that escaped an attack survived until the end of the experiment. The survival curves of thrips differed significantly among predator species and life stages (Breslow test over all predator species and life stages: U = 36.83; df = 2; P < 0.001) with the steepest decline in the treatment with N. californicus females (pairwise Breslow tests: P < 0.001) ( fig. 1 ). The survival curves of F. occidentalis did not differ between N. californicus protonymphs and P. persimilis females and protonymphs (pairwise Breslow tests: P = 0.18 and 0.29) but differed between P. persimilis females and protonymphs (pairwise Breslow test: P = 0.03) ( fig. 1 ). Thrips confronted with gravid N. californicus females survived the shortest (minutes, 376.9 ± 22.3 SE). Moreover, survival time of thrips and time of the attack of N. californicus females were the same because each attack was successful (table 1). The survival times of F. occidentalis were similar when confronted with N. californicus protonymphs (466.3 ± 10.7 SE), P. persimilis protonymphs (468.5 ± 5.1 SE) or P. persimilis females (480 ± 0.0 SE). The attack success ratios differed significantly among predator species and life stages (ANOVA: df 1,2 = 2, 37; F = 37.38; P < 0.001). Gravid N. californicus females (1.00 ± 0.00 SE) and P. persimilis protonymphs (0.75 ± 0.16 SE) were more successful than N. californicus protonymphs (0.11 ± 0.08 SE) (Bonferroni: P < 0.001).
Predation rates and nutritional benefits
Mean daily predation on thrips larvae differed among predator species and immature stages (ANOVA: df 1,2 = 3, 72; F = 20.95; P < 0.001). The predation rate of N. californicus deutonymphs (3.08 ± 0.30 SE) was more than three times higher than the rate of protonymphs (0.94 ± 0.12 SE) (Bonferroni: P < 0.001 ). In contrast, P. persimilis protonymphs (1.37 ± 0.15 SE) and deutonymphs (1.93 ± 0.35 SE) consumed similar prey numbers (Bonferroni: P = 0.69), which were lower than the predation rates of N. californicus deutonymphs (Bonferroni: P < 0.001 ). Mortality of immatures in total and mortality of protonymphs preying on thrips larvae was similar in both species (table 2) . Occasionally, shrivelled corpses of protonymphs were found, indicating predation or scavenging by thrips larvae. Predation on mobile phytoseiids by thrips larvae was never observed, indicating scavenging rather than predation. All N. californicus deutonymphs reached adulthood, whereas two of six P. persimilis deutonymphs died. In contrast, all individuals of P. persimilis and N. californicus reached adulthood when provided with T. urticae. When preying on thrips larvae, total development of N. californicus was longer than that of P. persimilis. Total developmental times of both predators were two times higher with thrips than with T. urticae (table 2) .
Neoseiulus californicus females fed more on thrips larvae than did P. persimilis females (3.19 ± 0.23 SE larvae per day versus 2.08 ± 0.23 SE larvae per day; t-test: t = 3.41; df = 27; P = 0.002). Moreover, oviposition rates differed significantly between P. persimilis and N. californicus, when preying on thrips larvae or on T. urticae (ANOVA: df 1,2 = 3, 52; F = 44.17; P < 0.001). Thrips prey provided enough nutrients for egg production of N. californicus (0.59 ± 0.14 SE eggs per female per day) but not P. persimilis (0.00 ± 0.00 SE eggs per female per day). Due to the large variance in N. californicus, this difference was only marginally significant (Bonferroni: P = 0.12). When preying on T. urticae, P. persimilis laid more eggs than N. californicus (2.64 ± 0.25 SE eggs per female per day versus 1.80 ± 0.22 SE eggs per female per day; Bonferroni: P = 0.01). The survival curves differed among predator-prey combinations (Breslow test pooled over all predator-prey combinations: U = 52.92; df = 3; P < 0.001) ( fig. 2) . Pairwise Breslow tests revealed that the survival curves of N. californicus and P. persimilis were similar with T. urticae prey (P = 0.67) but differed between all other comparisons (P < 0.001). Survival of both predator species was longer with T. urticae than with thrips larvae. With thrips larvae, survival of 580
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N. californicus was about two times longer than that of P. persimilis (N. californicus: 11.5 ± 0.33 SE days with spider mites vs. 8.97 ± 0.73 SE days with thrips; P. persimilis: 11.65 ± 0.26 SE days with spider mites vs. 4.50 ± 0.54 SE days with thrips).
Discussion
Whether a predator attacks a certain prey or not depends on numerous factors including its prey specificity, life stage, hunger level and various prey-related traits. A useful indicator for the probability of an attack by a predator is the level of aggressiveness (Schausberger & Croft, 2000b) , which was here defined as the combination of the proportion of attacking predators and the time elapsed until an attack on the prey occurred. In our experiments, protonymphs and females of the diet-generalist N. californicus were more aggressive towards first larval instar F. occidentalis than the corresponding stages of the diet-specialist P. persimilis. A predator's attack does not always result in overwhelming and killing the prey. The outcome of a predation event is not only affected by predator related traits, but also by preyrelated traits or a combination of both. The probability for successful predation on a specific prey type is usually positively correlated with the body size of the predator (Sabelis, 1992) . With the exception of adult P. persimilis females, the number of successful attacks increased with increasing predator:prey body size ratio: N. californicus females (body size ratio: 0.94) > P. persimilis protonymphs (0.82) > N. californicus protonymphs (0.58). Intriguingly, small protonymphs but not large females of P. persimilis attacked thrips larvae, which indicates that immature but not adult female P. persimilis are adapted to prey on F. occidentalis larvae.
The nutritional value of a certain prey type may be reflected in survival time, developmental speed and/or egg production. For juveniles of both N. californicus and P. persimilis, thrips can be classified an alternative prey (Overmeer, 1985) because they reached adulthood by , N. californicus preying on T. urticae; ·· ·· P. persimilis preying on T. urticae. feeding on thrips. However, in both phytoseiids, thrips prey extended developmental times and increased mortality as compared to spider mite prey. Therefore, juveniles should show flexible predation behaviour on thrips larvae depending on spider mite availability. Spider mite patches are ephemeral food resources, characterized by both rapid increase and rapid breakdown (Sabelis, 1985) . After prey depletion, cannibalism among and/or intraguild predation by juveniles might be strategies to reach adulthood and disperse thereafter (Schausberger & Croft, 2000a; Schausberger, 2003) . An additional advantage of intraguild predation and cannibalism may be the reduction of food competition and the elimination of a potential predator (Polis, 1981; Polis et al., 1989) . Females of the diet-generalist N. californicus benefited from predation on thrips in terms of sustained oviposition, whereas the diet-specialist P. persimilis did not. Overall, predation on thrips may enhance population persistence of N. californicus in times of spider mite shortage. Phytoseiulus persimilis females may profit from consuming thrips under certain circumstances, e.g. during transition between spider mite patches.
The relevance of body size and diet breadth of N. californicus and P. persimilis for intraguild predation on F. occidentalis larvae may tentatively be summarized as follows:
1. Predation on thrips larvae by juveniles of both species is limited because of their small body size. This may also be true for other phytoseiid species (Cloutier & Johnson, 1993; Sabelis & van Rijn, 1997; Janssen et al., 2002) . 2. Females of the diet-generalist N. californicus constituted the most aggressive and dangerous predators for first larval instar F. occidentalis, followed by the comparably small protonymphs of N. californicus and P. persimilis. Despite their large body size, females of the diet-specialist P. persimilis should be harmless intraguild predators for F. occidentalis. The level of aggressiveness seems an appropriate indicator of the nutritional value of the attacked prey. 3. Considering the low predation rates of N. californicus and/or P. persimilis compared with more specialized thrips predators such as Neoseiulus cucumeris (Oudemans) (Acari: Phytoseiidae), the consequences of potential intraguild predation by the phytoseiid mites on population development of F. occidentalis should be low or negligible (Van Houten et al., 1995; Sabelis & van Rijn, 1997) . Additionally, only the small first larval instars of F. occidentalis may serve as prey for N. californicus and P. persimilis (Van der Hoeven & van Rijn, 1990) , leaving only a small window of potential predation. 4. Neoseiulus californicus and P. persimilis showed reverse ontogenetic shifts in their predation performance on F. occidentalis larvae. Predation risk for F. occidentalis increased during ontogeny of N. californicus, whereas it decreased during ontogeny of P. persimilis. 5. Phytoseiulus persimilis juveniles obviously have a broader food range than adult females, including spider mites, conand heterospecific phytoseiid mites and thrips larvae (Walzer & Schausberger, 1999a) . This raises the hypothesis that diet-specialization gradually develops during the ontogeny of P. persimilis.
In the light of the present study and previous studies on dispersal by and distribution of F. occidentalis, P. persimilis and N. californicus within and among plants (Janssen et al., , 1999 Pallini et al., 1998; Venzon et al., 2000) , the probability of encountering F. occidentalis differs between P. persimilis and N. californicus. The preference of F. occidentalis females for clean plants to plants infested with spider mites and P. persimilis or with spider mites alone reduces the likelihood of intraguild predation between P. persimilis and F. occidentalis . However, P. persimilis inhabits plants with spider mites and F. occidentalis (Janssen et al., 1999) . The presence of hazardous predators for F. occidentalis such as N. cucumeris and/or Orius laevigatus (Fieber) (Hemiptera: Anthocoridae) may cause F. occidentalis to use spider mite webs as refuges that are already occupied by P. persimilis Venzon et al., 2000) . Even in such a scenario, the risk for F. occidentalis of being preyed upon by P. persimilis should be high only in diminishing spider mite patches. Otherwise, predation on P. persimilis eggs by F. occidentalis may induce dispersal by P. persimilis females (Roda et al., 2000; Janssen et al., 2003) , as was shown for Iphiseius degenerans (Berlese) (Acari: Phytoseidae) (Janssen et al., 2002) . Based on these considerations, it can be assumed that predation on F. occidentalis by P. persimilis is a rare event under natural conditions. Phytoseiulus persimilis may only pose a risk to F. occidentalis larvae when P. persimilis juveniles suffer from spider mite scarcity or when adult P. persimilis females search for plants occupied by spider mites. In the latter scenario, F. occidentalis larvae may be used as a supplementary food enhancing survival. This assumption is supported by the preference of P. persimilis females for thrips infested plants over clean plants .
In the greenhouse, the diet-generalists N. californicus and F. occidentalis co-occur in buds, on clean leaves and in spider mite patches (A. Walzer, personal observation). As a consequence, the likelihood of encounters between these two predators should be higher than between F. occidentalis and the diet-specialist P. persimilis. Frankliniella occidentalis is an alternative prey for N. californicus, whereas F. occidentalis does not gain nutritional benefits by feeding on N. californicus eggs (A. Walzer, unpublished) . In light of this, intraguild predation should be asymmetrical in favour of N. californicus. However, information about potential antipredation behaviour of F. occidentalis towards N. californicus is lacking. For example, F. occidentalis larvae can discriminate between the hazardous predator I. degenerans and the less harmful predator P. persimilis and kill more eggs of the former species (Janssen et al., 2002) . Additionally, I. degenerans avoided oviposition near killed eggs, which led to a strong reduction of the risk for the larvae to be preyed upon by adult females (Janssen et al., 2002) . Whether F. occidentalis may also recognize N. californicus as a dangerous predator and kill more N. californicus eggs than eggs of P. persimilis remains an open question.
